This paper is an extension of the Authors' previous work [1] on the self regulated short shunt Self Excited Induction Generator (SEIG). A detailed investigation is carried out on the transient behaviour of the short shunt SEIG system subjected to different dynamic conditions. Analytical model incorporating cross-saturation effect, has been used to predict performance of the SEIG. Experimental results are presented along with the simulated ones.
INTRODUCTION
Increasing emphasis on decentralized power generation has led to growing activity in the development of stand alone/ isolated power systems, captive power plants and portable gensets using both conventional and non conventional sources of energy, viz. diesel, biogas, wind, micro-hydro etc. A review of the literature [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] reveals that induction generators are being preferred over conventional alternators in such applications, due to their overall maintenance and operational simplicity. In isolated applications, an induction generator operates in self excited mode, usually deriving excitation from a capacitor bank connected across its terminals. Absence of a separate dc excitation system, good transient performance and ruggedness of its cage rotor construction are the major advantages of induction generator over the alternator [2- By identifying poor voltage regulation of the SEIG as a major bottleneck in its applicability, a constant speed SEIG system using additional capacitors in series with the load (i.e. short shunt configuration), was proposed by the Authors in an earlier paper [1] . It was shown that for a particular pair of series and shunt capacitors, the SEIG delivers power up to its rated value, keeping voltage within permissible limits without resorting to any voltage regulator. Thus, based on the steady state analysis, with its self regulating features, the short shunt SEIG was found to be a good option in isolated power generation.
Having established suitability of the short shunt SEIG under steady state, it becomes necessary to investigate its transient behaviour. Such study is of interest not only to know response of the SEIG under transient conditions, but also to verify its suitability to disturbances typical in field conditions. This will give valuable information on the suitability of the machine winding and insulation level, rating of capacitors and the design of protection system. It is also required to develop a suitable analytical model, to predict transient behaviour of the system. Hallenius et al. [13] and Grantham et al. [14] have reported analytical models to predict transient behaviour of the SEIG.
But scope of these papers is limited to applicability of respective model equations to the SEIG. It is the objective of the present paper to investigate in detail, the transient behaviour of the SEIG in general and that of the self regulated short shunt SEIG in particular.
An analytical model incorporating cross saturation effect has been used to predict transient behaviour of the SEIG. Results obtained from extensive experimentation and those from simulation are presented and compared.
Initially, transient behaviour of the simple shunt SEIG configuration is presented. Following this, response of the short shunt SEIG subjected to different transient conditions is studied. Typical response of a 3.7kW, three-phase squirrel cage induction motor operated as an SEIG is discussed, high--lighting special features of the short shunt configuration.
MODELING
The computation is based on model equations (with the usual assumptions [13, 15] 
RESULTS AND DISCUSSION
In this section, initially transient behaviour of the simple shunt SEIG is studied, followed by that of the short shunt configuration. The conditions studied include, load perturbation, short circuit, loss of excitation and voltage build up.
Simple Shunt SEIG
In this configuration, only shunt capacitor is connected across the machine. The poor voltage regulation of the SEIG is evident from its steady state load characteristics shown in Fig. 2 for different 
Load Perturbation
An SEIG can sustain small loads applied suddenly. Fig.  3a shows the voltage build-up process of the SEIG after an 18 MF/ph capacitor bank is switched on to the terminals of the machine after it is brought to rated speed. Then a 0.36 p.u. load is switched on to the already excited machine.
It is seen from Fig. 3b that the SEIG smoothly settles down to a new steady state condition.
However, as soon as an additional load corresponding to 0.2 p.u. is applied, the machine voltage quickly collapses due to de-excitation, as shown in Fig. 3c. appreciable surges are noticed in the voltage, which collapses almost immediately as the machine de-excites.
Although, in some cases loss of excitation of the SEIG due to overload or short circuit may be of advantage, it could be disastrous in application like aircraft's power supplies.
The problem is further aggravated by the uncertainty of the machine to re-excite after a short circuit, unless some charge is provided [163. This is a crucial aspect to be tackled in the operation of the SEIG under field conditions. Users in far flung areas have often reported difficulty in re-exciting the generator after short circuit or sustained overloading, as a major hurdle affecting continuity and reliability of the supply. Also, the deexcitation of the machine is so fast that it is not capable of adequately sustaining the fault current, to trip the overcurrent protective devices. Thus, for many critical applications, some type of excitation support system is required for self excited generators. These systems, often referred as field forcing schemes [18] , produce more than rated generator current for sufficient time to ensure that the fault are cleared quickly and selectively enough to preserve the integrity of the power system.
On Load Voltage Build-up
A simple shunt SEIG does not build voltage/self excite if load is already connected to it [16] . Instead, the little residual magnetism of the machine reduces to a very low level, resulting in a difficult re-excitation of the machine, a condition similar to that occurring after short circuit.
Thus, it is seen that apart from its poor voltage regulation, a simple shunt SEIG has low overload capability and suffers from problems related with loss of excitation on short circuit or sustained overload conditions. In order to operate the overcurrent protective devices during fault conditions, it becomes necessary to employ a suitable field forcing scheme.
Sudden Short Circuit 3.2 Short Shunt SEIG
From the above observations, it can be easily predicted that the SEIG can not sustain self excitation on a short circuit across the load.
As shown in Fig. 3d, on 
Fault and Short Circuit Conditions
The following cases of three-phase fault and short circuit conditions are studied for the short shunt SEIG system.
1. Short circuit across load, 2. Short circuit across machine terminals, 3. Short circuit across series capacitors.
Short Circuit Across the Load
This is the most probable to occur among the three cases. Response of the system to sudden application and also the isolation of a short circuit across the load is shown in Fig. 4c . It is seen that the generator does not de-excite and continues to feed the fault. There is a large current flowing through capacitors, as they are now charged to a higher voltage.
Under this condition, the series capacitor comes in parallel with the shunt capacitor and over-excites the machine, which is now operating under no-load condition. Now, the net capacitance (16.7 +45 = 61.7 /<F/ph) is much more than that required for rated voltage at no load i.e. 16.7 /<F/ph. This results in excessive machine voltage and current, which are 1.47 p.u. and 2.51 p.u., respectively.
While the rating of the shunt capacitor is voltage based, that of the series capacitor is current based. Therefore, as the nominal voltage rating of the shunt capacitor corresponds to the rated supply voltage, the nominal current rating of the series capacitor corresponds to rated load current. Also, the short time rating of these capacitors correspond to voltage and currents prevailing during short circuit of the load.
In contrast to the simple shunt SEIG, now there is adequate sustained current feeding to the fault to operate the over current protective devices. Thus, the need of a separate excitation support system, otherwise needed with the simple shunt configuration is obviated resulting in highly simplified setup.
Short Circuit Across Machine Terminals
This case is similar to the short circuit described for simple shunt SEIG, wherein the machine immediately deexcites and the voltage collapses, but as seen from Fig. 4d , the rush in the machine current is absent in case of the short shunt SEIG.
Short Circuit Across Series Capacitors
For this case the machine is subjected to overloading condition as described in section 3.2.2 and after it reaches steady state condition a short circuit is applied across the series capacitors. The application of short circuit across the series capacitors means their isolation, resulting in a simple shunt configuration with only shunt capacitors connected across the machine at the applied load. Since the shunt capacitor alone is not sufficient to meet var requirement of the system at such a high load, the generator de-excites. Fig. 4e illustrates the sequence of the described switching operation. If the series capacitors are isolated during light load conditions, then the SEIG settles to a stable state, to which the simple shunt configuration will assume under the same loading condition.
Re-excitation and Onload Voltage Build-up
After de-excitation of the generator due to shorting at machine terminals (case 2 in subsection 3.2.3), the short shunt SEIG re-excites on the removal of the fault. In fact the short shunt SEIG not only builds up the voltage after loss of excitation, but it does so even if the load is already connected to it. Fig. 5a shows the on load voltage build up of the machine. From the foregoing discussion, it is seen that in addition to its self regulating feature and good steady state performance, the short shunt SEIG can sustain severe switching transients, has good overload capability and can re-excite even on load after loss of excitation. It is also found that except for the most unusual circumstances (the short circuit across the machine terminals or across the series capacitors), the short shunt SEIG supplies adequate fault current to enable overcurrent protective devices operate. if the short circuit occurs at the load, the machine sustains excitation and settles to a steady state condition, at higher voltage and current. The sustained fault current obviates the need to employ a separate excitation support system in the case of short shunt SEIG.
CONCLUSIONS
-the machine can self excite even when load is already connected across its terminals. even after loss of excitation due to short circuit across the machine terminals, the machine rebuilds its voltage on the removal of fault and the builds up process is faster if the load is momemtarily shorted.
Thus, excellent steady state [1] performance along with good transient response of the system, establish the suitability of the short shunt SEIG for a simple, rugged and self regulated stand alone generating system.
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